This paper re-examines the tests of the Sharpe-Lintner Capital Asset Pricing Model (CAPM).
Introduction
The Capital Asset Pricing Model (CAPM) of Sharpe (1964) and Lintner (1965) rightfully occupies a central place in the asset pricing literature. Not surprisingly, an enormous research effort has been devoted to the empirical testing of the model over the past several decades.
Notwithstanding Roll's (1977) famous critique of the early tests of the CAPM, a consensus now exists that the model fails to adequately explain the cross-section of asset returns. The consensus is supported by the results of several studies, most notably those by French (1992, 1996) and Campbell, Lo and MacKinlay (1997, hereafter CLM) .
In this paper we re-examine the empirical evidence on the rejection of the CAPM by CLM. The rejection of most interest is the one based on a conventional heteroskedasticity and autocorrelation robust (HAR) test. Our main contribution is to show that the evidence for rejecting the CAPM on statistical grounds is much weaker than the consensus view suggests.
Although it is well documented that the conventional HAR test rejects the CAPM using asymptotic critical values, these results are not compelling because it is well known that the conventional test suffers from size distortions when based on asymptotic P-values. In point of fact, the evidence is much more favorable to the CAPM when inference is based on simulated finite-sample P-values.
Next we revisit the CAPM using newly developed HAR tests (Sun, Phillips and Jin (2008) ). These tests have the advantage of substantially less size distortion relative to the conventional robust tests. The results from these tests strongly support the CAPM when using asymptotic as well as simulated finite-sample P-values. Our results highlight the pitfall of 2 testing multiple hypotheses with conventional HAR tests. This pitfall is one of potentially severe over-rejection of the null hypothesis.
In HAR testing, the test statistics use kernel-based nonparametric estimators of the standard deviations and covariances of the estimated regression coefficients. The test statistics used in the conventional HAR tests incorporate heteroskedasticity and autocorrelation consistent (HAC) estimators of the variance-covariance matrix. These estimators typically involve a bandwidth or lag truncation parameter, M. Consistency requires that M satisfy certain conditions as the sample size T increases. A commonly used HAC estimator is the one proposed by West (1987, 1994) . In applications, the finite sample distribution of a conventional HAR test statistic is approximated by its asymptotic distribution, namely a standard normal or chisquare. This approximation is known to be unsatisfactory in many cases, which gives rise to size distortion, or more precisely, error in the rejection probability (ERP) under the null hypothesis.
To reduce the ERP, Keifer, Vogelsang and Bunzel (2000, hereafter KVB) and Keifer and Vogelsang (2005, hereafter KV) proposed the use of kernel-based estimators in which M is set proportional to the sample size T, that is, M bT  . In this case, when the parameter b is fixed as T goes to infinity, the kernel-based estimators have a random limiting distribution, which implies that they are inconsistent. In turn, the associated test statistics have nonstandard limit distributions. The nonstandard or new HAR tests are carried out in practice by approximating the finite sample distribution of the test statistic by its nonstandard limit distribution.
In the Gaussian location model, Sun, Phillips and Jin (2008) have analyzed the ERP for tests where b is fixed as T goes to infinity and where the critical values are obtained from the nonstandard limit distribution. This ERP is compared to that for conventional tests with critical values obtained from the standard normal approximation. They show that the ERP of the 3 nonstandard approximation is smaller than that of the standard normal approximation by an order of magnitude. This result is an extension of an earlier finding by Jansson (2004) . These analytical findings support the earlier simulation results by KVB, KV (2002a, 20002b) and Jin (2006, 2007, hereafter PSJ) . The conclusion from this analysis is that the nonstandard approximation provides a substantially more accurate approximation to the finite sample distribution. Consequently, the nonstandard test has substantially less size distortion than the conventional test.
In this paper, we apply the conventional and new HAR tests to the CAPM using data for the period 1965-2004. We applied the conventional and new HAR tests to settings with ten sizesorted stock portfolios as well as settings with 15, 20 and 25 size and book-to-market sorted portfolios. Consistent with the evidence in previous studies cited above, the conventional HAR test with asymptotic P-values rejects the CAPM for most five-year and ten-year sub-periods at the usual significance levels. By contrast, the null is not rejected by the new HAR tests with asymptotic P-values for most of the sub-periods.
This finding is consistent with the results in Ray and Savin (2008) . Their study used the Fama-French three-factor model to illustrate that the new HAR tests can change inferences drawn from the data and in particular that the conventional Wald tests tend to over-reject. In contrast to the present study, Ray and Savin (2008) did not focus on the substantive issue of whether the model is satisfactory for asset pricing.
One possible explanation for the conflicting results is that the conventional test has high power compared to the new tests, assuming that the conventional test has the correct Type I error or level in finite-samples. Another explanation for the conflict is that the conventional test overrejects instead of having the correct level. In other words, the actual finite-sample level of the conventional test is much larger than the nominal level when asymptotic critical values are used, or equivalently, the finite-sample P-value is substantially larger than the asymptotic P-value. We conduct simulation experiments to investigate the source of the conflicting test results.
In the experiments for the conventional HAR test, the simulated finite-sample P-values are larger than the asymptotic P-values, especially for the five-year and ten-year sub-periods, which suggests that the conventional test over-rejects. The conflict between the conventional test and the new tests for the five-year and ten-year sub-periods is much reduced when the tests are based on simulated finite-sample P-values instead of asymptotic P-values. Moreover, the new tests are clearly superior in terms of size distortion when many parameters are tested simultaneously, which is the relevant case for testing the CAPM in a multi-portfolio framework.
In addition, the new tests have high power against empirically relevant alternatives.
These findings underscore the pitfalls of relying on inferences based on the conventional test.
Our results highlight that using the critical values or P-values based on the new tests can help to mitigate the over-rejection problem.
The point that the conventional Wald tests and other related tests tend to over-reject the null hypothesis is not new. Previous papers in the finance literature that have made this point include Jobson and Korkie (1989) , Gibbons, Ross and Shanken (1989) , Zhou (1993) , Zhang (1999a, 1999b) , Ahn and Gadarowski (2004) and Kan and Zhou (2002) . However, these papers do not provide satisfactory solutions to the poor finite-sample performance of the conventional test.
Chief among these alternative approaches is the F-test of Gibbons, Ross and Shanken (1989) . It is well known that the finite-sample distribution for the GRS test statistic relies on the assumption that returns are normally distributed and i.i.d., an assumption that is inconsistent with the data. Another proposed solution is the test based on the Hansen and Jagannathan (1987) distance measure. Kan and Zhou (2002) and Lewellen, Nagel, and Shanken (2008) derive the exact finite sample distribution of the Hansen-Jagannathan distance measure. This finite sample distribution again requires the assumption of multivariate normality of asset returns. As shown by Kan and Zhou (2002) and Lewellen, Nagel, and Shanken (2008) , in the absence of the normality assumption, the test performs poorly. As noted by Cochrane (2005) , "…it is not obvious that a finite-sample distribution that ignores [non-normal and] non-i.i.d. returns will be a better approximation than an asymptotic distribution that corrects for them (p. 302)." In addition, the shortcomings of the conventional HAR test in asset pricing applications have been noted by Ferson and Foerster (1994) , and Hansen, Heaton, and Yaaron (1996) . The new HAR tests explored in this paper have the advantage that the nonstandard limiting distribution of the test statistic provides a more accurate approximation to its finite sample distribution -a result that has analytical justification.
Still another approach in the finance literature to overcome the shortcomings of the conventional test has been pursued by Zhou (1993) . He shows that the efficiency of the CRSP value-weighted index is not rejected by a test that exploits the assumption that asset returns have an elliptical distribution. A similar approach has been employed by Vorkink (2003) . The test employed by Vorkink accounts for the potential kurtosis in returns, although it does not account for skewness. In contrast to these studies, this paper does not rely on alternative distributional assumptions to achieve acceptance of the null hypothesis. In light of our findings, it is not surprising that tests can be tailored such that the CAPM is not rejected. 
example, Andrews (1991) , Hansen (1992) and West (1987, 1994) .
To test the null 00 :
H   against the alternative 10 :, H   the conventional approach relies on a nonparametrically studentized t-ratio statistic of the form
which is asymptotically (0,1) N . The use of this t-statistic is convenient empirically and is widespread in practice, in spite of well-known problems with size distortion in inference.
To reduce size distortion, that is, the error in the rejection probability (ERP) under the null, KVB and KV (2005) (1)
Thus, the b t -statistic has a nonstandard limit distribution arising from the random limit of the LRV estimate ˆb  when b is fixed as T .
Sun, Phillips and Jin (2008) have obtained the properties of the tests analytically under the assumption of normality. The assumption employed is that t u is a mean zero covariance stationary Gaussian process with 2 | ( ) | . There are two reasons for the improved accuracy of the nonstandard approximation. One is that the nonstandard distribution mimics the randomness of the denominator of the t-statistic.
In other words, the nonstandard test behaves in large samples more like its finite sample analogue than the conventional asymptotic normal test. By contrast, the limit theory for the conventional test treats the denominator of the t-ratio as if it were non-random in finite samples.
The other reason is that the nonstandard distribution accounts for the bias of the LRV estimator resulting from the unobservability of the regressor errors, that is, the inconsistency mimics the bias.
In related work, PSJ ( 
HAR tests of the CAPM
This section considers the CAPM as a classical multivariate linear regression model with random regressors and reviews the conventional and new HAR tests for the intercept vector.
Define the variables 1 ,..., 
Consider the scaled and centered estimator
. Under general assumptions, for example, those given in KV and PSJ (2005) , the estimator converges in distribution to a normal:
and  is the long run variance of t   . In the case of the CAPM,
The conventional HAR statistic for testing the null hypothesis 0 :0
the test statistic is asymptotically distributed as a chi-square with N degrees of freedom; for details, see KV.
The conventional approach to HAR testing relies on consistent estimation of the sandwich variance matrix Q -1 Q -1 . The term Q can be consistently estimated by
  is stationary with spectral density matrix () In the case of exponentiated or power kernels, the estimator of is 
Tj t j t t T t j t tj Tj j Tj
The properties of the kernels are discussed in PSJ (2006, 2007) . Table   1 . The asymptotic P-values for the conventional test reject the null at the 5 percent significance level for all of the five-year and all but one of the ten-year sub-periods. Turning to the thirty-year and longer sub-periods, the null is rejected for all six sub-periods. The West (1987, 1994) 
Asymptotic test results

This section reports test results
Finite sample test results
As noted in the introduction, the main reason for thinking that results of the conventional HAR test are problematic is that the asymptotic P-values of the new HAR tests do not reject the null for the majority of the five-year, ten-year and longer sub-periods. The next step is to investigate the finite-sample as opposed to the asymptotic performance of the conventional and new HAR tests for each of the sub-periods. This section reports simulated finite-sample Pvalues of the conventional and the new HAR tests where the P-values are calculated for the three forms of the HAR test in four different experiments.
The null hypothesis that the intercepts are zero is composite because the values of the nuisance parameters are unknown in practice. The nuisance parameters include not only the slope parameters but also those that specify the process generating the factors and the errors. In our experiments, the values of the nuisance parameters are set equal to estimates based on the sample data. The level of the tests refers to the probability of a Type I error, not the size where the latter is defined as the maximum level over all admissible values of the nuisance parameters.
In this paper, the simulated finite sample P-values are treated as exact, meaning that they are conditional on the values of the nuisance parameters used in the designs. This should be borne in mind when reviewing the discussion of the test results.
The experiments are now described for the January 1965 to 1969 sub-period. The NN and RR experiments provide evidence on how the tests perform when the multivariate iid assumption holds with and without normality. If the tests exhibit poor performance under this assumption, it is unlikely that they will perform well in the presence of autocorrelation or volatility clustering.
The rationale for the NV and RB experiments is the studies in finance documenting departures from the iid assumption. The motivation for using a VAR(1) is the evidence reported in CLM that individual securities have positive cross-autocorrelations. The RB experiments are motivated by a large body of evidence that asset return volatility is both time-varying and predictable; for example, see Bollerslev (1986) and Bollerslev, Engle and Nelson (1994) .
In the simulation experiments, it was not feasible to generate the errors for each period using an estimated multivariate GARCH model. Instead, we use a procedure that is employed in bootstrap sampling with dependent data. The procedure is to divide the residual vectors for each sub-period into blocks, and then randomly resample the blocks with replacement. In the RB experiments, six-month length blocks were chosen because this is approximately the half-life of an estimated univariate GARCH process for monthly stock returns; for example, see French, Schwert and Stambaugh, (1987) for estimates for the period 1928-1984. More generally, the RB experiments capture dependence in the errors. There are other processes that may be generating dependence in addition to autoregressive conditional heteroskedasticity. These include ARMA models and also models that produce non-martingale difference sequences such as nonlinear moving average and bilinear models. Consequently, the results of the RB experiments cannot be interpreted as only due to volatility clustering, although this may be the dominant effect. Table 2 presents the simulated finite-sample P-values for the conventional and new HAR tests. The first message from this table is that the rejections of the null at the five percent level are much reduced for the conventional test and are relatively few for the new HAR tests. For the conventional test, the differences between the asymptotic and simulated finite-sample P-values for the five-year sub-periods are quite large in all four experiments. This suggests that the conventional test based on asymptotic P-values produces misleading inferences when testing the CAPM. In point of fact, even for the thirty-year and longer sub-periods the conventional test does not reject the null at the one percent level with few exceptions when inference is based on the finite-sample P-values.
For the fixed-b and the fixed- tests, there is almost no conflict between the inferences based on the asymptotic and simulated finite-sample P-values for the five-year and ten-year periods. The same is true for the six thirty-year and longer sub-periods; the null is not rejected for five out of six thirty-year and longer sub-periods based on asymptotic and finite-sample Pvalues. Hence, the simulated finite-sample P-values and the asymptotic P-values produce essentially the same inferences for the new HAR tests. In summary, the evidence in Table 2 is largely supportive of the CAPM. Fama and French (1996, p. 57) . On the other hand, a monthly excess return of 50 basis points (c = 10) is considered large by traditional benchmarks. One benchmark is the equity premium. This is about 6 percent per annum, which translates into a monthly excess return of 50 basis points. Another is the monthly excess return on the market portfolio, which is between 80 and 100 basis points. Hence, this setup provides a natural metric for interpreting the power, which is often absent in power studies.
Power of new HAR tests
The power experiments are now described for the January 1965 to 1969 sub-period. The value of t y  is simulated using Table 2 are not due to low power. The same conclusion is supported by the results from the RR, NV and RB power experiments. These results are available on request. Table 3 shows that the powers do depend on the kernel and hence on choice of the HAR test, although the results are qualitatively similar. Additional simulations show that the powers of the fixed-b tests tend to increase as b decreases and the powers of the fixed-tests tend to increase as  increases. These results are consistent with the findings in KV (2005) and PSJ (2006, 2007) . However, this does not imply that a small b should be chosen for the fixed-b test or a large  for the fixed-test. This is because as b decreases the ERP of the fixed-b test increases and as  increases the ERP of the fixed-test increases. The trade-off between the ERP and power is analyzed in detail in PSJ (2005a PSJ ( , 2005b and Sun, Phillips and Jin (2008) .
Multivariate complications
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The purpose of this section is to convince readers who may have doubts about the superiority of the new tests. This section reports the effect of increasing the number of intercepts tested on the rejection probabilities of the conventional and new HAR tests. As will be seen, the conventional HAR test suffers from massive size distortion when testing many intercepts parameters simultaneously, which is relevant when testing the ten equation CAPM. Ray and Savin (2008) considered a three-factor model with i equations and hence i intercepts. In this section, we adapt their approach for the one-factor model. Accordingly, model i is the CAPM with i equations:
( 1,...,10, 1,..., ), In this case, although the ERP is not large for one parameter, it is very substantial for ten parameters.
Next compare the effect of the number of intercepts on the level of the fixed-b and fixed- test. For the fixed-b test, the effect of the number of intercepts is almost eliminated, and similarly for the fixed- test with  = 32. For T = 60, the ERP is about 1 percent or less for the one equation model and about 2 percent for the ten equation model. For T = 120, the ERP tends to be less than 1 percent for all ten equations.
Panel B of Table 4 reports the results for alternative experimental designs in addition to the NN design for the ten equations case. For the alternative experiments, the ERPs are larger than for the NN experiments. The difference is especially noticeable for the NV and RB experiments, that is, experiments that allow for serial correlation and/or volatility clustering.
Nevertheless, even for these experiments, the new tests exhibit substantially lower ERPs compared to the conventional test. Note that even for T = 480 the conventional test has an ERP ranging from 5 percent for the NN experiment to twenty five percent for the NV experiment.
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This further illustrates that the rejections of the CAPM documented in the literature need to be viewed with caution.
As a robustness check, we also applied the conventional and new HAR tests to settings with more than ten portfolios, namely the 15, 20 and 25 size and book-to-market sorted portfolios obtained from the Ken French website. For the NN experiments, the results show that the P-values for the conventional tests are zero for all three sets of portfolios for all sub-periods.
In contrast, the P-values are frequently above 5 per cent for the majority of the fixed- tests and about for about half of the fixed-b tests. This evidence again suggests that the conventional test leads to an over-rejection of the null hypothesis. By contrast, the new tests are clearly superior in terms of size distortion when many parameters are tested simultaneously.
Concluding comments
In this paper, we have assumed that the conditional expectation function (CEF) of a stock portfolio's return given the market return (i.e., the CEF of given yx ) is linear. Although this assumption is not in general compatible with the three-factor Fama-French (1993) model and the four-factor Carhart (1997) model, the CAPM can be interpreted as the population linear projection of on yx or best linear predictor of given yx . In this interpretation, the SharpeLintner version of the CAPM implies that all the elements in the intercept of the best linear predictor are zero, and the HAR tests can be interpreted as testing the intercept of the best linear predictor.
With this interpretation in mind, our study finds that the evidence for the statistical rejection of the CAPM is weaker than the consensus view suggests. This finding illustrates the pitfalls of testing multiple hypotheses with the conventional HAR test. The potential solution to the over-rejection problem is to use the new HAR tests employed in this paper. Notes: The tabled rejection probabilities are computed by simulation using 10,000 replications of each experiment.
